
ED 354 296

AUTHOR
TITLE

INSTITUTION
REPORT NO
PUB DATE
NOTE
AVAILABLE FROM

PUB TYPE

EDRS PRICE
DESCRIPTORS

DOCUMENT RESUME

UD 029 057

Ayers, Don; And Others
A Study of the Participation and Achievement of
Black, Hispanic and Femvle Students in Mathematics,
Science and Advanced Technologies in Virginia
Secondary Schools.
Virginia State Dept. of Education, Richmond.
RFP-91-36/46
Apr 92
84p.

Virginia Department of Education, Office of Public
Affairs, 25th Floor, P.O. Box 6-Q, Richmond, VA
23216 --2060 ($3.10).

Reports Research/Technical (143)
Tests /Evaluation Instruments (160)

MF01/PC04 Plus Postage.
Academic Achievement; *Black Students; Enrollment;
*Females; *Hispanic Americans; Magnet Schools; Males;
*Mathematics Achievement; *Racial Differences;
Science Education; Secondary Education; Secondary
School Students; *Sex Differences; Statistical
Analysis; Student Participation; Technology
Education; White Students

IDENTIFIERS Hispanic American Students; Science Achievement;
Virginia

ABSTRACT
This study conducted a statistical analysis to look

at the participation and achievement of Black, Hispanic, and female
secondary education students in mathematics, science, and advanced
technology programs in schools in Virginia, compared to those of
White students and male students. In particular, the study applied
descriptive and inferential statistical methods to develop
percentages, frequencies, means, and binomial proportionality
statistics using data collected via the Student Enrollment Survey and
the Virginia Vocational Education Reporting System. For measures of
student achievement, the study analyzed data on awarding of diplomas,
scores from a national assessment, enrollment in five Virginia magnet
schools, scores on a State Assessment Program instrument,
participation in student science competitions, and enrollment in
advanced programs. The analysis found that Black and Hispanic
students were participating and achieving at rates lower than were
White students; the difference in both participation rates and
achievement was greater for Black students than for Hispanic
students; and female students participated and achieved on a par with
male students in most facets of mathematics and science studies. Six
appendixes present statistical analyses of enrollment data, the
Virginia State Department of Education work plans, a student
enrollment survey form, statistical summaries, Virginia science and
technology magnet school enrollment data, and a list of secondary
school course offerings. A 16-item bibliography is included. (JB)
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EXECUTIVE SUMMARY

A survey of the current literature describes a lack of
participation and achievement of minority students, especially
black and Hispanic, in the areas of mathematics, science, and
advanced technologies. Research suggests that some minority
students, especially Hispanic and black, have significantly lower
levels of achievement in mathematics, science, and technology than
do white students. The purpose of this study was to assess the
achievement and participation of black, Hispanic, and female
students in mathematics, science, and technology courses as
compared to that of white students and male students, as
appropriate, in Virginia public schools. Data were analy7ed to
determine if a discrepancy existed between the achievement and
participation of the white student population and that of black
and Hispanic students, and or between male and female students in
Virginia's public schools.

Educational intervention strategies which have been
successful in reducing the disparity in minority and female
achievement and participation in mathematics, science, and
technology programs in secondary schools are also included in this
report. The intervention strategies suggested are now in place
either in schools or as community efforts. The ultimate goal is
that all students, regardless of race or gender, achieve success
and become literate in mathematics, science, and technology.

PROCE:URE

The National Prospective on minority participation and
achievement in mathematics, science, and technology was determined
through a review of current literature including an ERIC search.
Secondly, data collected via the Student Enrollment Survey (SES,
1991) and the Virginia Vocational Education Reporting System
(VERS, 1991) were evaluated. These enrollment data were analyzed
by gender and ethnicity, using descriptive and inferential
statistical methods, to develop percentages, frequencies, means,
and binomial proportionality statistics An explanation of the use
of the binomial proportionality status appears in Appendix A.
Female enrollment was compared to male enrollment for mathematics,
science, and technology. Minority ethnic enrollments were
compared to white enrollment and to the percentage of the total
sample represented by each minority ethnic group.



In addition, the following data were analyzed by gender and

ethnicity as measures of student achievement in mathematics,

science, and technology:

The state 1990 aggregate data regarding the awarding of
diplomas by gender and ethnicity

Scores of the Virginia students participating in the 1991

National Assessment of Educational Progress (NAEP)

mathematics proficiency test

1991-92 enrollment in the five Virginia magnet schools for

science and technology

Division mathematics and science scores on the 1990-91
Virginia State Assessment Program (VSAP) fourth, eighth and

eleventh grade tests

Participation in the Virginia Junior Academy of Science

(VJAS) 1991 student competition

The advanced course enrollment and demographics of student

participants in the National Science Scholars Program for

1991 by gender and ethnicity.

FINDINGS

Black and Hispanic students were found to participate and

achieve in mathematics, science, and technology at rates lower

than those found for white students. This was especially noted in

advanced courses. The difference in both participation rates and

achievement was greater for black students than for Hispanic

students. Female students participated and achieved on par with

male students in most facets of mathematics and science studies.

An exception was found in advanced mathematics participation where

the percentage of male students (52.6 %) exceeded that of female

students (47.4%) by approximately five percentage points, a

significant difference. Male students also had greater

participation rates in VJAS mathematics competition where 85

percent of the participants were male. In addition, black and
female students are represented at a disproportionately low rate

when compared to white males in the current Virginia science and

technology magnet school enrollment.

The enrollment of black (8.0%) and female (12.3%) students in

the most advanced technology program, pre-engineering, was lower

than the respective population percentages (19.4% and 50.8%). The

population percentages cited are the percentages of eleventh-grade

students in the Virginia State Assessment Program by gender and

ethnicity.

ii



The rate of enrollment and achievement test scores of white
students exceeded that of black students in mathematics, and
science. There was no significant difference in the rate of
enrollment of Hispanic and white students J_n academic science
courses. However, differences were noted on achievement test
scores of Hispanic students in mathematics and science and in the
rate of enrollment of Hispanic students in mathematics and
technology compared to white students.

RECOMMENDATIONS

The Department of Education should form a team that includes
mathematics, science, and technology educators to plan a symposium
for developing a strategic plan to promote systematic improvements
in the participation ( enrollment) and achievement of black,
Hispanic, and female students in mathematics, science, and
technology. The planners should consider, but not limit
discussion to, the following potential intervention activities and
strategies. These suggested strategies, as indicated in the
parenthetical references, are based on programs and strategies
successfully implemented both nationally and in Virginia.

Develop special pre-school mathematics, science, and
technology readiness programs. Such programs have been
modeled in Virainia, but as far as was determined, on a
very small scale. (The Dwight D. Eisenhower Mathematics and
Science Education Act)

Develop special programs for secondary students such as
after-school and Saturday enrichment programs. Such
programs, targeted at underrepresented students, have
provided mathematics, science, and technology enrichment
both nationally and in Virginia. (National Science
Foundation)

Provide mentorship, scholarship and internship programs and
job shadowing opportunities by business/industry and the
public sector. These programs have been modeled in
Virginia's science and technology magnet schools as well as
in initiatives throughout the Commonwealth. (Studeit
Enrollment Survey)

Develop instructional models to improve teacher inservice
and preservice training to address the special educational
needs of black, Hispanic, and other under-represented
students. (Southeastern Consortium for minorities in
Engineering)
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Identify teacher recruitment practices that recognize the

need for appropriate role models for minority and female

students. (National Science Foundation, Student.Enrollment

Survey)

Develop programs for parents that prepare them to help
their children make course selection decisions and consider

career choices in mathematics, science, and technology.

(Student Enrollment Survey)

Develop mathematics and science enrichment programs outside

of the public secondary setting, supported cooperatively by

the Board of Education, the State Council of Higher
Education, and business and community organizations. These

enrichment programs develop the interest and achievement of
minority and female students in mathematics and science and
provide access to such instruction to a larger number of
students. (National Science Foundation)

Develop and implement classroom instructional strategies
that encourage female students to pursue advanced physical
science courses and mathematics studies. (The Mid-Atlantic

Center for Sex Equity)

The strategic plan developed should be integrated into the
Department of Education's educational reform plans such as World

Class Education (WCE) any? Virginia Quality Education for Science

and Technology (V-QUEST) .

It is further recommended that each individual school

division evaluate the distribution of its student population in

applied/general, academic, and advanced academic mathematics,

science, and technology courses, by gender and ethnicity. If

minority/female participation rates are revealed to be lower than

that of white male students, a local strategic plan should be
developed and implemented to address increasing the participation

rate of the underrepresented.
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INTRODUCTION

This study was conducted to determine the status of the
achievement and participation of black, Hispanic, and female
students in mathematics, science, and technology in Virginia
schools as compared to the achievement and participation of white
and male students in the same courses. The study team also sought
to identify intervention strategies and initiatives to improve the
achievement and participation rates of those student groups for
whom the data identified a need.

As directed by Department of Education RFPs 91-36 and 91-46,
the study team attempted to address the following issues:

Determine if black and Hispanic student achievement in
mathematics and science is significantly lower than the
achievement of the total population of students in
Virginia.

Determine if participation of black and Hispanic students
in advanced level mathematics and science courses is
significantly lower than for the total population cf
students in Virginia.

Determine if female student achievement and participation
in mathematics, science, and technology is significantly
lower than that cf male students in Virginia.

Determine the magnitude of disparity in achievement and
participation of between and among the ethnic groups
studied and establish the degree of need for strategic
intervention.

Identify mathematics, science, and technology programs
which have proven successful in improving the achievement
of minority, and female students.

Develop a strategic plan for integrating identified
intervention programs into Department of Education Common
Core of Learning, Restructuring, V-QUEST, and other
reform initiatives.

1



PPCET,URE

The arrrcach adopted by the study team, involved the

following pr.:-.:cedure. The National Prespective on minority

participation; and achievement in mathematics, science, and
technology was determined through a review of current literature
including an ERIC search. Secondly, data collected via the Student.

Enrollment Survey (SES, 1991) and the Virginia Vocational
Education Reporting System (VERS, 1991) were evaluated. These
enrollment data were evaluated by gender and ethnicity, using

descriptive and inferential statistical methods, to develop
percentages, frequencies, means, and binomial proportionality
statistics. Female enrollment was compa-ed to male enrollment for
each discipline studied, while minority ethnic enrollments were
compared to white enrollment and to the percentage of the total
sample represented ethnic groups.

In addition, the following data were analyzed by °ender and

ethnicity as measures of student achievement on tests in

mathematics, science, and technology:

Virginia state 1990 data regarding the awarding of

diplo7.a5. by gender and ethnicity

Scores on the 1991 National Assessment of Educational
1.1-;:oress (NAEP) mathematics proficiency test

1991-92 enrollment in the five Virginia maanet schools
for science and technology

E.ivisic,n mathematics and science 1990-91 scores on the
Virginia State Assessment Program (VSAP) fourth, eighth
and eleventh grade tests

Pa-t4r.'pation in the Virginia Junior Academy of Science
199: student competition

Advanced course enrollment of student participants in the
National Science Scholars Program for 1991 by gender and

ethnicity

LIMITATIONS

Information and data for this study were collected subject

to several limiting conditions. These conditions were considered
in developing the findings and recommendations for this report.

2

While an attempt was made to acquire data from the entire
Virginia secondary school population data were received
from schools representing 82 percent of school divisions.
The sample is however, assumed to be representative of

the Virginia secondary school population.
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Achievement data were obtained from state and national
assessments in which Virginia students participated but
not sr,ecifically collected for this

Achevement and participation are results of multiple
events that include teacher and parent expectations,
instructional strategies, peer group pressures, and
availability of incentives and local programs to increase
interest in certain subject areas. Therefore it should
be recognized that variables other than those examined in
this study affect achievement and participation.

The study focused on student participation and
achievement in secondary mathematics, science, and
technology in Virginia's public schools, with the
exception of VSAP data which included other grade levels.

The technology education data from the Virginia
Vocational Education Reporting System is an unduplicated
enrollment count. The count of students in the several
technology education programs can vary from that
presented herein because students enrolled in more than
one program were only counted in one program. The total
count: represented all students enrolled in vocational
programs but the actual enrollment for individual
programs may be greater than reported.

DEFINITION OF .TERX.

The following definitions and descriptions of terms are
presented to provide an understanding of these terms as used in
this report.

Participation: Enrollment of student in specific
courses or course levels

Applied/General Courses: Courses designed for
students perceived to be of lower ability or to lack the
appropriate preparation for higher level course

Academic Courses: Courses designed for students
perceived to be of average to high ability

Advanced Academic Courses: Courses designed for
students perceived to have high ability

Unduplicated Enrollment: A one-time count of students
who completed more tharf one vocational course

I i 3



FINDINGS: STATUS OF BLACK, HISPANIC, AND FEMALE
PARTICIPATION AND ACHIEVEMENT IN MATHEMATICS, SCIENCE, AND

TECHNOLOGY: THE NATIONAL PROSPECTIVE

A study LaaJazjiag____AIILIQ_Nd.E
LaaineQ_z_ing, published in 1989 by the Task Force on Women,
Minorities, and the Handicapped in Science and Technology,
reported that in the United States, black-, comprise only 2 percent

of all employed scientists and engineers even though they make up
12 percent of the general population. In 1989, blacks earned 5
percent of the bachelor's degrees and one percent of the Ph.Ds in

science and engineering. In 1988, only 47 blacks earned
doctorates in science and only 15 earned them in engineering. The

Task Force study indicated that black women earned more bachelor's

degrees in science than black men but only a third as many
bachelor's degrees in engineering.

The Task Force study also indicated that the picture is
similar for Hispanics. Hispanics are America's fastest growing
minority groups, comprising nine percent of the population. Only 2
percent of Hispanics, however, are scientists and engineers. They
hold 3 percent of all bachelor's degrees and 2 percent of all
r-h.Dn in science and enaineerihg. Hispanic women earn slightly
fewer bachelor's degrees in science than Hispanic men but only one-
sixth as many bachelor's degrees in engineering.

Another group studied in this report was white women. While

they make up only 10 percent of all employed scientists and
engineers, they are 43 percent of the U.S. population. In 1989,

white women earned 22 percent of all bachelor's degrees but only
13 percent of the Ph.Ds in engineering. They are more likely than
males to be enrolled in the life sciences at the undergraduate
level, and eight times more likely to be in life sciences at te
graduate level. While increasing numbers of white women are
entering careers in science and engineering, they do not seem to
be choosing these careers in the same proportions as other
professional areas.

Czujko and Bernstein (1989) , in a report about high school
student enrollment in mathematics and science courses, reported
the following findings:

Physics and Chemistry

Most high school seniors (60%) have taken neither physics
nor chemistry. Dramatic attrition occurs very early in
the mathematics course sequence for students who do not
take physics or chemistry.



Among hiah school seniors, those who take physics have
thehiohest achevement test scores in mathematics,
reading, and vocabulary. Physics students are also the
Most involved in extra-curricular activities.

An educational process starting with mastering basic
skills and enrolling in an academic curriculum w;_31 most
likely result in students taking physics and chemistry as
well as aspiring to graduate from a four-year college.

Less than one-third of the women in a high school
chemistry class take physics, while over half of the men
do so.

Nearly 60 percent of the students who take high school
chemistry, but not physics, are female.

Students who anticipate majoring in education during
colLeg are the least likely of any other surveyed major
to have taken a high school course in physics or
chemistry. Students who intend to major in the health
sciences and social sciences are predominantly female and
are mcs. _ likely to have taken chemistry but not physics
in schcol.

Students who anticipate majoring in engineerin; or the
physical sciences during_ college are overwhelmingly male
and are the most likely to have completed physics in high
school.

Race and Ethnic Eackground

Among students with poor reading skills, blacks and
Hispanics are more likely than Asians or whites to have
problems with mathemati

Among students with strong reading skills, Asians and
whites are more likely than blacks or Hispanics to have
strong mathematics skills.

Eighty-four percent of black students and 78 percent of
Hispanic students score lower on mathematics achievement
tests than average white students.

Among students with exceptional mathematics achievement
test scores, black students are more likely than students
from any other racial group to take both physics and

r 5



Black students have high postsecondary school

expectations, but proportionally few are enrolled in

college preparatory programs.

P.7-ong seniors
test scores,
enrolled in a

with above average mathematics achievement
Hispanics are the least likely to be

college preparatory program.

THE GENDER GAP IN MATHEMATICt AND SCIENCE

Females score lower than males on tests of mathematics

achievement.

Females and males are equally likely to take Algebra I,

Out males are somewhat more likely to take geometry,
Algebra II, and chemistry. In trigonometry and calculus,
males outnumber females by 3 to 2.

Male and female students who score equally well on the
mathematics achievement test are equally likely to take

chemistry and trigonometry. But females cf high

mathematics aptitude are somewhat less likely than males

cf similar aptitude to take calculus.

Significantly fewer female students with exceptional
achievement test scores in mathematics take physics
compared to their male classmates with identical test

scores. There appear to be unique barriers keeping
females out of physics classes.

Even though women are participating in the labor force

and in higher education in record numbers, they are still

heavily drawn into female-dominated careers and

infrequently move into traditionally male careers.

Neither differences in mathematics achievement nor

differences in mathematics and science coursework can
account for the overwhelming gender-related differences
in educational and occupational goals.

In many ways, the aspirations of high-achieving remales
resemble low achievers more than they do the aspirations
of high achieving males.

In 1986, Dossey et. al. reported that only about half of 17-
reached a proficiency associated with material
high school mathematics. Neuschatz and Covalt
only 20 percent of the senior class of 1987 had
physics. Snyder (1987) reported that the high

rates for blacks had increased, but the rate 'at
graduates were attending college had gone down.

year-old students
taught in junior
(1988) found that
taken high school
school graduation
which these black

6



Consequently, fewer blacks were enrolled in institutions of higher
education in 1985 than there were in 1975. Finally, Czujko and
Bernstein noted that there was little evidence that women, even
those with exceptional mathematics ability, are taking much more
junior and senicr level coursework in mathematics and science than
those women who graduated in 1980.

The Mathematical Sciences Education Board (MSEB), a

consortium of the National Academy of Sciences, the National
Academy of Engineering, the Institute of Medicine, and the
National Research Council, held a national convocation in 1990 in
Washington, D. C. Out of this convocation came the report making
Yathematics Work_lor Minorities Framework fox a National Action
Flan, 1980-2000. This report reflected two major commitments by
the National Academy of Sciences and the National Academy of
Engineering: "a commitment to all our youth, especially in
mathematics and science, and a commitment to make mathematics and
the sciences available to the underrepresented groups in our
country to ensure the total education of all our citizens" (p. 2).

issue:
A quote from the MSEE report illustrates the urgency of the

Mathematics is important not just in the education of
scientists, engineers, and economists but also in the
education of every working citizen in the United
States. It's hard to see how anybody can pull down
anything better than a minimum wage fob in the years
ahead without quantitative skills. The world is
changing, with an increasing emphasis on science and
technoloay in every aspect of life: the service
sector, the manufacturing sector, and so forth.
Consequently, quantitative skills are prerequisites to
enjoying a decent standard of living.

This, of course, has special sicnificance for women
and minorities, groups that have traditionally been
shut out of many technical jobs and careers because of
weak mathematics preparation. Increasingly, these
groups will be shut out of just about any job in the
years ahead without an adequate basis: a foundation in
mathematics (p. 2).



FINDINGS: STATUS OF BLACK, HISPANIC, AND FEMALE

PARTICIPATION AND ACHIEVEMENT IN MATHEMATICS, SCIENCE, AND

TECHNOLOGY IN VIRGINIA'S SECONDARY SCHOOLS

"A self fulfilling prophecy has been created and nurtured which

asserts that minorities and women can't do mathematics and,

therefore, that we should not expect much from these groups. Low

expectations produce low achievement, and low achievement, in

turn, tends to serve as a justification for low expectations,

which produces a continuous, vicious cycle." (Making Mathematics

Work for Minorities: Framework for National Action)

This statement, made by J. Arthur Jones, President, Futura

Technologies, and Steering Committee Chair of the Mathematical

Sciences Education Board's National Convocation, can be equally

applied to science (especially the advanced physical sciences) and

advanced technologies. The education phenomenon described, with

its consequences for student success, has been well documented in

national studies and deserves very close scrutiny in the

Commonwealth to assure that educational opportunities and

expectations are equal for all students.

PARTICIPATION OF BLACK, HISPANIC, AND FEMALE STUDENTS IN

MATHEMATICS, SCIENCE, AND TECHNOLOGY

National studies have found that black, Hispanic, and female

students often do not pursue the most advanced mathematics,

science, and technology courses at the same level of participation

as the total pcpulation of students or at the same level as white

students (Oakes, 1990, Czujko and Bernstein 1990). This section

of the study documents the status of the participation of

Virginia's black, Hispanic, and female secondary students in

mathematics, science, and technology courses. The level of

participation of blacks and Hispanics is compared to that of white

students and to the enrollment percentage of each ethnic group in

the study sample. The enrollment of female students is compared to

the total female percentage of the sample and to the percentage of

enrollment of male students in the same courses.
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Black and Hispanic Student Enrollment in Science

This section of the report first examines the total
percentage of enrollment in applied, academic, and advanced
academic courses by ethnic group. Secondly, the percentage of
enrollment for each ethnic group in each course level (applied,
academic, and advanced academic) is presented in individual
graphs. These individual ethnic group graphs are presented to
detail enrollment differences by course level for direct
comparison within the ethnic group.
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The purpose of Figure 1 is to provide an aggregate view of
the enrollment data for this section. The graph shows that when
the percentaae of students of each ethnic group in the total
science sample was compared to percentages of students enrolled in
applied/general, academic, and advanced academic science courses
by ethnicity, the black and Hispanic student percentages of
applied/general course enrollment was higher than the percentages
of black and Hispanics students in the sample. Also, the
percentage of black and Hispanic students enrolled in academic and
advanced academic science courses is less than the percentages of
the sample for each of these groups. For white students in the
sample, enrollment in applied/general courses was less than the
percentage of the sample while enrollment in academic and advanced
academic science courses was greater than the white student
percentage of the total sample. An examination of enrollment data
for each individual group studied follows.



As indicated in Figure 2, black students were 19.2 percent

of all students in the sample, 27 percent of the students enrolled

in applied/general science courses, 18.6 percent of those taking
academic courses, and 8.1 percent of all students taking advanced
academic science courses were black.
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Hispanic students constituted 1.9 percent of all students in

the sample, 2.3 percent of the students enrolled in

applied/general science courses, 1.9 percent of those taking
academic courses, and 1.0 percent of all students taking advanced
academic science courses. (Figure 3)
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White students comprised 73.4 percent of all students in the
sample, 68.4 percent of the students enrolled in applied/general
science courses, 74.0 percent of those taking academic courses and
78.2 percent of all students taking advanced academic science
courses. (Figure
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The data depicted in Figures 2, 3, and 4 further illustrate
that black and Hispanic students were overrepresented as enrolles
in the applied /general science courses, and under-represented in
the advanced academic science courses when compared with black and
Hispanic enrollment percentages for the total student sample.
Conversely, white students were enrolled in applied/general
courses at a lower percentage than the white percentage of the
total sample, and were represented in advanced academic courses at
a greater percentage than the white percentage of the total
sample.

The following data summarize the distribution of science
students in applied/general, academic, and advanced academic
science courses by ethnic group to emphasize the enrollment
comparison among ethnic groups.



Examining the enrollment data for the percentage of sudents

of each ethnic aroup enrolled in each level of science course

revealed the following information, illustrated in Figure 5. Of

all white students in the sample, 12.1 percent were enrolled in

applied/general courses; 15.6 percent of Hispanic students, and

18.3 percent of all black science students were enrolled in

applied/ general courses. While 83.3 percent of all white science

students were enrolled in academic courses, 82 percent of Hispanic

students, and 80 percent of black students were enrolled. While

4.5 percent of all white science students were enrolled in

advanced academic courses, 2.2 percent of Hispanic and 1.8 percent

of black students were enrolled in the same courses.
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The percentage of black students enrolled in applied science

courses was high and the percentage enrolled in advanced academic

courses was low compared to similar enrollment percentages for

white students. Hispanic student enrcllment in science courses

showed a similar trend.
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There was a small but significant difference in the
percentage of enrollment cf black, and white students in academic
courses (3.3 percentage points), while the small difference in
white and- Hispanic enrollment (2.0 percentage points) was not
significant. However, the enrollment of white students exceeded
that of black and Hispanic students for each comparison (Figure
5). These data suggest that black and Hispanic students are not
pursuing the advanced academic science courses which lead to entry
into science and science related careers at a similar rate to that
of white students.

Black and Hispanic Student Enrollment in Mathematics

This section of the report first examines the total
percentage of enrollment in applied, academic, and advanced
academic courses by ethnic group. Second, the percentage of
enrollment for each ethnic group in each course level (applied,
academic, and advanced academic) is presented in individual
graphs. These individual ethnic group graphs are presented to
detail enrollment differences and for direct comparison within the
ethnic group.
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The purpose of Figure 6 is to provide an aggregate view of
the enrollment data for this section. The graph shows that when
the percentage of students of each ethnic group in the total
mathematics sample was compared to percentages of students
enrolled in applied/general, academic, and advanced academic
mathematics courses by ethnicity, the black and Hispanic student
percentages of applied/general course enrollment was higher than
the percentages of black and Hispanics students in the sample.
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Also, the percentage of black and Hispanic students enrolled in

academic and advanced academic mathematics courses is less than

the percentages of the sample for each of these groups. For white

students in the sample, enrollment in applied/general courses was

less than the percentage of the sample while enrollment in

academic and advanced academic mathematics courses was greater

than the white student percentage of the total sample. An

examination of enrollment data for each individual ethnic group

follows.

While black students were 19.1 percent of all mathematics

students in the sample, they were 33.3 percent of the students

enrolled in applied/general mathematics courses, 16.2 percent of

those taking academic courses, and 6.1 percent of all students

taking advanced academic mathematics courses were black (Figure

7) .
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As demonstrated in Figure 8, Hispanic students were 2.2
percent of all mathemat3.cs students in the sample, 3.0 percent of
the students enrolled in applied/general mathematics courses, 2.0
percent of students taking academic courses, and 1.8 percent of
all students taking advanced academic mathematics courses were
Hispanic.
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White students were 72.6 percent of all mathematics students
in the sample, 61.4 percent of the students enrolled in
applied/general mathematics courses, 75.4 percent of those
students taking academic courses, and 79.2 percent of all students
taking advanced academic mathematics courses were white (Figure
9) .
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The data depicted in Figures 7, 8, and 9 further illustrate
that black and Hispanic students were overrepresented in the

applied/general mathematics courses _and underrepresented in the
advanced academic mathematics courses compared to the black and
Hispanic percentages of the student sample. White students were
enrolled in applied/general courses at a percentage less than
their percentage of the total sample, and enrolled in advanced
academic courses at a percentage greater than the white percentage

of the total sample. While the differences in enrollment
percentages are significant for both blacks and Hispanics compared
to whites, the magnitude of the differences is greater for black
than for Hispanic students.

The following data summarize the distribution of mathematics

students in applied/general, academic, and advanced academic
mathematics courses by ethnic group to emphasize the enrollment
comparison among ethnic groups.

Examining the enrollment data for the percentage of students

of each ethnic group enrolled in each level of mathematics course
revealed the following information, illustrated in Figure 10. Of

all white students in the mathematics sample, 19.1 percent were
enrolled in applied/general courses; 30.0 percent of Hispanic
students, and 39.1 percent of all black mathematics students were
enrolled in applied/ general courses. While 71.3 percent of all
white mathematics students were enrolled in academic courses, 62.8
percent of Hispanic students, and 58.0 percent of black students
were enrolled. While 9.7 percent of all white mathematics students
were enrolled in advanced academic courses, 7,3 percent of

Hispanic and 2.9 percent of black students were enrolled in the

same courses.
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A significantly greater percentage of black and Hispanic
students than white students were enrolled in applied/general
mathematics courses: A significantly smaller percentage of black
and Hispanic students than white students were enrolled in
academic and advanced academic mathematics courses. These data
suggest that black and Hispanic students are not taking
mathematics courses which lead to careers based in mathematics at
a rate similar to that of white students in Virginia secondary
schools.

Black, Hispanic, and White Student. Enrollment in Technology
Courses

This section of the report first examines the total
percentage of enrollment in the several technology programs
offered in Virginia secondary schools by ethnic group (Figure 11).
Next, the percentage of enrollment for each ethnic group in each
proaram is presented in individual graphs. These individual
ethnic aroup graphs are presented to detail enioliment differences
and for direct comparison within the ethnic group.

n

a

10,

90"-e1

80';

70e.

60%

7.29, 6 39, 7.39, 6.5q

Total Principles Communication Tranrportation Production

Other

IN Hispanic

Black

White

Participation in Technology Courses

Figure 11: Comparison of Percentage of Enrollment for White, Black, and
Hispanic Technology Students by Program

The purpose of this graph is provide an aggregate view of
the enrollment data for this section. The graph shows that black
enrollment was greatest in "Principles of Technology", and applied
physics program. Hispanic enrollment was greatest in the
transportation program, while white student enrollment was
greatest in "Principles of Techdology" and the communications
program. An examination of enrollment data for each individual
ethnic group follows.
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While black students were 15.9 percent of all students in the

samp.:_e, they were 22.9 percent of students enrolled in principles

cf technology courses, 11.4 percent of those enrolled in

communication courses, 10.6 percent of those enrolled in

transportation courses, and 20.0 percent of those enrolled in

production courses (Figure 12).
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By comparison, white students were 69.2 )ercent of the

sample, 70.8 percent of those enrolled in principles of technology

courses, 74.0 percent of those enrolled in communication courses,

65.9 percent of those enrolled in transportation courses, and 61.3

percent of those enrolled in production courses (Figure 13).
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Hispanic students represent 7.8 percent of the sample. There
were no Hispanic students enrolled in principles of technology
orurses; 6.6 percent of communications students, 20.9 percent of
transportation
were Hispanic

25

students, and 7.6 percent of production students
(Figure 14) .
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These data indicate that black students are enrolling in one
of the mcre challenging technology courses, Principles of

Technology (22.9'1), but are not enrolling in communications
(11.4) and transportation programs (10.6%) at the same level as
the percentage of black students taking technology courses

Black students are overrepresented in the less
challenging production program (20%) as compared to the percentage
of black students in technology programs. Similarly, Hispanic
students are underrepresented in the Principles of Technology
program (0%), and overrepresented in the transportation (20.9%)
program compared to Hispanic percentage of the sample (7.8%).
White technology students are overrepresented in the communication
program (74%) and underrepresented in production (61.3%) and
transportation (65.9%) courses compared to white student
percentage of all technology students (69.2%).

The extensive variability in student choice of technology
programs gives no basis for generalizations regarding program
choices by ethnicity.
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ENROLLMENT OF FEMALE STUDENTS IN MATHEMATICS, SCIENCE, AND

TECHNOLOGY

National studies have revealed that female students enroll in

advanced mathematics, science, and technology courses to a lesser

extent than would be indicated by their percentage of the student

population. This section of the study examines the enrollment of

Virginia female students in these disciplines as compared to the

female percentage of the samples examined and compared to the

percentage of male enrollment in the same courses (Czujko and

Bernstein, 1990).

ENROLLMENT OF FEMALE STUDENTS IN SCIENCE COURSES

Female students comprised 49.6 percent of the sample of
secondary school science students surveyed for this study. Female

students represented 44.2 percent of students enrolled in

applied/general science courses, 50.2 percent of students enrolled

in academic courses, and 53.0 percent of students enrolled in

advanced academic courses (Figure 15) .
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Of all female students in the science sample, 11.6 percent

were enrolled in applied/general science courses, 83.8 percent

were enrolled in academic courses, and 5.4 percent were enrolled

in advanced academic courses. For comparison, 14.4 percent of
male students were enrolled in applied/general courses, 81.6

percent in academic courses, and 4.0 percent in advanced academic

courses. All of these differences between male and female

enrollments were established as significant at the 0.01 level.

Black female students comprised 10 percent of all students in

the sample and 5 percent of students taking advanced academic
science courses. Hispanic female students were 0.9 percent of all
science students and 0.05 percent of those taking advanced science

courses.
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These data demonstrate that female student science enrollment
exceeds that of male students in both academic and advanced
academic science courses. However, for minority female students,
enrollment in advanced science courses was greater than minority
male stuuents but approximately one-half the minority female
representation in the sample.

ENROLLMENT OF FEMALE STUDENTS IN MATHEMATICS COURSES

Female students comprised 49.6 percent of the sample of
secondary school mathematics students surveyed for this study.
Applied/general mathematics courses had 45.7 percent female
enrollment, academic mathematics courses had 51.1 percent female
enrollment, and advanced academic mathematics courses had 47.4
percent female enrollment (Figure 16).
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Of all female students in the mathematics sample, 20.7
percent were enrolled in applied/general mathematics courses, 70.8
percent were enrolled in academic courses, and 8.6 percent were
enrolled in advanced academic courses. For comparison, 24.1
percent of male students were enrolled in applied/general courses,
66.5 percent in academic, and 9.3 percent in advanced academic
mathematics courses. All of these differences between male and
female enrollments were established as significant at the 0.01
level.
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Black female students represent 10 percent of all students in

the sample of mathematics students and 3 percent of students
takina advanced academic mathematics courses. Hisanic female
students comprise 0.9 percent of all mathematics students, and 0.9

percent of the enrollment in advanced mathematics courses.

These data show that white and black female student

enrollment in advanced academic mathematics courses is less than

their percentage of the total sample, while Hispanic female
students were enrolled in advanced mathematics courses at the same

percentage as their percentage of the sample.

FEMALE ENROLLMENT IN TECHNOLOGY EDUCATION
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The data illustrated in Figure 17 demonstrate that female
students were not enrolled in any of the technology areas at
percentages reflecting female percentage of the total student
population (50.9%). The most academically advanced of these

courses, pre-engineering, was male dominated with 87.7 percent of

the total enrollment.
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SUMMARY

Acagen.ic and advanced academic mathematics, science, and
technology courses are designed to prepare students post-secondary
education or technical vocational areas upon graduation. As such,
students who successfully complete these courses are provided a
career and employment advantage over those who do not.

White students were enrolled in academic and advanced
academic mathematics, science, and technology courses at
percentages greater than the percentages of black or Hispanic
enrollment in the same courses. In all cases reviewed for this
study, white, Hispanic, and black enrollment percentages in
advanced academic courses occurred in that descending order.
Although all advanced academic course enrollment differences cited
are statistically significant, the greater magnitude of the
differences between black and white percentages of enrollment in
advanced academic mathematics and science courses enhances the
importance of these comparisons for strategic intervention to
improve the participation of black students.

Applied/general mathematics and science courses are usually
not rigorous and are designed as low-level, non-college
preparatory courses. White students were enrolled in
applied/general mathematics and science courses at a significantly
lower percentage than black or Hispanic students. These findings
suggest that black and Hispanic students, more often than white
students, were enrolled in courses that do not develop the
prerequisite skills necessary for enrollment in advanced academic
mathematics and science courses.

Female s-udent enrollment in advanced academic science
courses was greater than female representation in the sample.
However, female enrollment in advanced academic mathematics
courses was significantly less than that of male students. Female
student enrollment in all technology programs was significantly
less than male enrollment. However, both the Principles of
Technology program and the pre-engineering program are relatively
new technology programs with small total enrollment and are not
offered at many secondary schools.
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ACHIEVEMENT OF BLACK, HISPANIC, AND FEMALE STUDENTS IN

MATHEMATICS, SCIENCE, AND TECHNOLOGY

This section of the report describes the achievement of

mathematics, science, and technology students in Virginia

secondary schools compared by ethnicity and gender. Several

sources of data, including the following, were examined to
accomplish the comparisons.

Types of diplomas received by 1990 Virginia graduates
compared by gender and ethnicity

Agaregate Virginia State Assessment Program (VSAP)

scores for mathematics and science

Student achievement on the National Assessment
Educational Progress

Student participation in the Virginia Junior Academy of

Science

Enrollment in the five Virginia Magnet Schools for

Mathematics, Science, and Technology

Examination of the advanced course enrollment of student
participants in the National Science Scholars Program
for 1991 by gender and ethnicity.

Enrollment in the Magnet Schools for Science and Technology,
participation the Virginia Junior Academy of Science competitions,

and participation in the National Science Scholars Program are

used in this study as indicators of achievement because

participation in each is recognition of a high level of

achievement in mathematics, science, or technology.

24



Types of Diplomas Received by Gender and Ethnicity

A review of diplomas received by 1990 Virginia graduates by
-ethnicity indicates that a lower percentage of black students
received advanced studies diplomas (23%) than the Virginia averaae
percentage of Hispanic students. Hispanic students received
advanced studies diplomas at a similar percentage (38%) to that
for the average of all Virginia students (39%), Figure 18.
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A review of the gender (Figure 19) distribution indicates
that female students earned more advanced studies diplomas (57%)
than male students (43%).
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Virginia State Assessment Program (VSAP) Mathematics and Science

Scores (1991)

The Virginia State Assessment Program is administered
annually to Virginia's fourth-, eighth,- and eleventh-grade

students. Data from the 1990-91 assessment provides the following

look at mathematics and science achievement by gender and

ethnicity.

Figures 20 and 21 show that black and Hispanic students
scored lower than white students on the VSAP mathematics and
science tests at all grade levels tested.
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These graphs are presented to show the trend of achievement
at several trade levels as well as the ethnic achievement
comparisons for secondary students. Figure 22 shows that. .the.
average female ;achievement in mathematics is identical to that of
male students. Figure 23, however, shows a 10 percentile point
difference in achievement scores on the science VSAP subtest at
eleventh orade, with male students scoring at 70 percentile and
female students scoring at 60 percentile.
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Student Achievement on the National Assessment of Educational

Progress

The summary report of the first nationwide state-by-state

assessment of the mathematics achievement of eighth-grade students

is of particular interest to the state of Virginia. This study was

undertaken in 1990 by the National Assessment of Educational

Progress (NALP). For the first time, student achievement in

Virginia was compared to the achievement of students in other

states in the areas of mathematical skills and concepts. The

Virginia data represent 104 public schools and 2,661 eighth-grade

students. In its report, NAEP provided the percentage of

eighth-grade students scoring at levels 200, 250, and 300 on a

scale of 200-500 by race, ethnicity, and gender.

The following are the findings of the assessment related to
black, Hispanic, and female student achievement:

Two percent of black students and six percent of

Hispanic students attained the highest proficiency level
of 300 while 19 percent of white students attained the

same level.

tifferences between the percentages of females (14=,) and

males (17) in Virginia who achieved at level 300 on the
NAEP assessment were not statistically significant,

Participation in the Virginia Junior Academy of Science by Gender

For 50 years, the Virginia Junior Academy of Science (VJAS)

has provided opportunities for students of the Commonwealth to

present original research in a refereed competition for

recognition, awards, and schc arships. Student presenters are

selected to participate in the annual VJAS competition on the

basis of initial readings of project papers by a panel of science

educators and practicing scientists. Students judged to have the

best papers in the categories of competition, up to a pre-

determined limit for each category, are invited to present their

papers at the annual VJAS competition. The 1991 group of 590
students was used to evaluate student participation by gender.
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The percentage of male and female participants was determined
for each competitive VJAS category and for the total of
participants. These percentages were evaluated to compare male
and female participation rates for-each category. (Figure 24)

100%

90%

80%

n%

60%

50%

40%

30%

20%-

10%

0%

65.0%

33.0%

66.0%

a Male

0 Female

22.0

78.0%

84.0%

1
Physical Science Life Science Behavioral Science Mathematics

VJAS Participation

43.0%

57.0% 55.0%

Other

Fc u 2.: Cc7;.a:...s(..- Far._Lcip6;_Lcr cv 2:.sc:p1:7e a7:c cy Gence:

Total Participation

While more female (55) than male (45=6) students participated
in the VJAS 1991 competition, male students dominated the physical
sciences categories (chemistry, physics and engineering) by almost
a 2-to-1 margin, 65 percent to 35 percent. Female students
dominated the life sciences (biology and genetics) to
approximately the same degree, 67 percent to 33 percent.
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Science and Technology Magnet School Enrollment by Ethnicity and

Gender

Enrollment data -(1991-2) for the five Virginia magnet schools
for science and technology were examined and evaluated by gender
and ethnicity as an indicator of achievement. Ethnic enrollment
percentages were compared to the ethnic percentages of the state

Student Enrollment Survey sample as an estimate of the

representation by ethnic group. (Figure 25)

P

r

a

80
70

60

50

40

30

20
10

0
Black White Hispanic

Percent
Magnet- School

1121 Percent

1-- population

Fig 2i: Cci-par f scr. cf the Percen_ age cf F hn lc Student Enrciimeni in t he Virginia Magnet

t c r af:e cf : Lr VE7,7 E.CVC7'. , :99-

91 .

Black students make up 4.1 percent of the 1991-92 magnet

school enrollment, Hispanic students 2.6 percent, and white
students 74.5 (1991-92 enrollment data). By comparison, black
students comprised 19.4 percent of the eleventh grade students
tested in VSAP, Hispanic students 1.8 per-Ant and white students

73.0 percent. Female student enrollment in the magnet schools
(42.2) is 15.6 percentage points less than that of male students

(57.8).

These data reveal that black student enrollment in Virginia's
magnet schools is approximately 15 percentage points less th&il the
estimated black percentage of the Virginia secondary student
population, using the eleventh-grade VSAP data as the estimate,
while Hispanic and white magnet school enrollment percentages
exceed the respective estimates of the total population
percentages for each group. Female student enrollment is 8.6
percentage points less than female percentage of the population
(50.8%), using the same population estimate, a significant

difference. Black, Hispanic, and female students have a lower
representation compared to white males in the current science and

technology magnet school enrollment.
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Student Participation in the National Science Scholars Program
(1991)

In March 1991, the United States Department of Education
began the implementation of the newly enacted National Science
Scholars Program (NSSP) which was authorized under the "Excellence
in Mathematics, Science, and Engineering Education Act of 1990
(P.L. 101-589)." The program authorizes the Department to award
scholarships to outstanding high school seniors. Each year, two
students are chosen by the federal Department from a list of four
nominees from each congressional district in the participating
states. At least two of the nominees from each state are to be
fema3e, and at least one of the two students chosen for the award
by the President must be female.

The program's purpose is to recognize student excellence and
achievement in the physical, life, and computer sciences,
mathematics, and engineering by providing scholarships to
meritorious graduating high school students to continue these
studies at the post-secondary level.

Durina the period from April through June, 1991, the Virginia
Department cf Education made information available to school
divisions about. the requirements and purposes of the program, The
Department distributed the application forms, assembled a
nominating team, evaluated the student applic:'tions, and submitted
its four nominations for each of the participotina congressional
districts to the federal Department of Education. There were no
applicants from the Second Congressional District.

A detailed review of the demographic data from this self-
selected, highly achieving sample of Virginia's twelfth-grade
mathematics and science scholars indicated the following
information:

Cf the 92 participants, 63 described themselves as
white; 27 of these were female.

Four black students participated in the program. All of
these applicants were female.

Ten Asian/Pacific Islanders participated in the program.
Four of these were female.

One American Indian female participated.

There were no Hispanic student applicants.

Fourteen students did not indicate race/ethnicity.

Cf the 92 applicants, 41 were female.
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A detailed review of the transcript data included with each

student's applications indicated specific information about the
courses .selected by these high-achieving students. The following
information is presented on a gender basis.

The 41 females took a total of 101 science courses above

the Chemistry I level; 76 of these courses were in the
physical sciences. This is an average of 2.5 high-level
science courses per female student, 75% of which were
physical sciences.

The 51 males took a total of 102 science courses above
the Chemistry I level: 82 of these were in the physical
sciences. Thi6 is an average of 2.0 high-level science
courses per male student, 80% of which were physical
sciences.

The 41 females took a total of 89 mathematics courses
above the Algebra II/trigonometry level, an average of
2.2 high-level mathematics courses per female student.

The 51 males took a total of 122 mathematics courses
above the Algebra II/trigonometry level, an average of
2.4 1-.gh-lev,..1 mathematics courses per male student.

The 41 females took a total c4. 55 technology/
engineering/computer/science application courses, an

average of 1.3 courses per female student.

The 51 males took a total of 111 technology/
encireerine /computer /science application courses, an

average of 2.2 courses per male student.

The review of the demographic and course selection data for

the high achieving students who participated in this scholarship
program indicates several important points. Among these are;

Black students comprised only about 5% of the applicants
who identified their ethnicity. Further, there were no
black male applicants.

Females accounted for 45% of the total applicants. As a
group,they had a higher average number (2.5) of upper
level science courses than males (2.0), and took just a
slightly smaller percentage of physical science courses

than males. On the average, females took fewer upper
level math courses (2.2) than males (2.4), although the

difference is small. On the average, females took
substantially fewer technology-engineering-computer
courses (1.3) than males (2.2).
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These data suggest that among the top secondary students,
females and males participate and achieve at similar levels in
science. Mathematics participation indicates a slight difference;
however, technology courses show a substantial difference, with
males enrolled in a higher number of courses.

Summary cf all Indicators

Black students achieved at lower levels than did white
students or: all the measures used as indicators of achievement for
this study. These measures included the following:

Percentage of black students receiving advanced studies
diplomas

Scores on the VSAT? assessments for all grade levels in
mathematics and science

b.._res on the National Assessment of Educational
r-rcaress mathematics assessment

P=rtc'caton in the Virginia Magnet Schools for Science
and Technology.

in the National Scholars Program

Hispanic students achieved at lower levels than did white
st dents on the following measures:

Scores or. the VSAP assessments for all grade levels in
mathematics and science

S..-res on the National Assessment of Educational
roare=s mathematics assessment

participation in the Virginia Magnet Schools fez Science
and Technology

Participation in the National Scholars Program

Hispanic students achieved at similar rates to white students
on the fol]owing measure:

Percentage of Hispanic students receiving advanced
studies diplomas
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Female Students achieved at lower levels than did male
students on the following measures:

Participation in the Virginia Junior Academy of Science

Completion (1991), mathematics and physical science
categories only

Scores on the science section of the eleventh grade VSAP

Participation in the Virginia Magnet Schools for Science

and Technology

Female students achieved at levels equal to or exceeding that

of male students on the following measures:

34

Percentage of female students receiving advanced studies

diplomas

Scores on the VSAP assessments for all grade levels in
mathematics and science, with the exception of eleventh

grade science

Scores on the National Assessment of Educational
Progress mathematics assessment

Participation in the Virginia Junior Academy cf Science

Competitions (1991) all categories but mathematics and
physical science

Participation in the National Scholars Program



FINDINGS: APPROACHES TO INCREASE ENROLLMENT OF BLACK,
HISPANIC, AND FEMALE STUDENTS IN MATHEMATICS, SCIENCE, AND

TECHNOLOGY

This section of the report presents strategies, activities,
and programs that have proven successful in motivating students
and developing their interest and achievement in mathematics,
science, and technology. These strategies are intended to
increase the level of interest and competence of black, Hispanic,
and female students in mathematics, science,and technology. An
additional objective is to increase the number of students who are
literate in these disciplines and who are prepared to pursue
advanced study in those topics.

Develop teacher education strategies to help teachers
develop skills necessary to meet the special needs of
black, Hispanic, and female students.

Develop extra-school instructional opportunities for
minority and,female students with interest and aptitude
in mathematics, science, and technology, using the
Governor's school programs as models.

Establish systems to communicate to students and parents
the availability of the extra-school, mentorship, and
work-study programs in mathematics and science.

Foster cooperative relationships between businesses
involved in scientific and technological endeavors and
local school divisions to provide work-study,
mentorship, shadowing and scholarship programs for
black, Hispanic, and female students.

Develop opportunities for collaboration among teachers,
counselors, parents, and school administrators in
addressing the problem of increasing participation and
achievement of minorities and females in the highly
academic instructional areas of mathematics, science,
and technology.

Develop extra-school programs for minority and female
students that use innovative, challenging instructional
strategies and activities designed to improve interest
and achievement in academic studies, modeled after the
Governor's school programs.

Expand the Governors' school concept to include programs
for students who have exhibited potential but have not
experienced exceptional achievement in academic
mathematics, science, and technology studies.



Develop programs for teacher academic studies for

teachers' modeled on the strategies of the SCME
(Southeastern Consortium for Minorities in Engineering)
and EQUALS projects. These programs provide self-
assessment opportunities and develop strategies to deal
appropriately with the under-represented populations in

academic mathematics and technology.

Evaluate the prerequisites and student assignment

criteria for advanced mathematics, science, and
technology courses with the goal of eliminating any
unnecessary barriers to the participation of minority
and female students in these courses.

Special intervention programs to .improve the participation

and achievement of black, Hispanic, and female students in

mathematics, science, and technology are important aspects of

providing for equal educational opportunity. Believing that all

students can learn and experience success in these important

areas is critical if all facets of the formal and informal

educationa: system are to help students overcome environmental
barriers to success in academic pursuits.

Integ:-ating Black, Hispanic and Female Initiatives into other

Department of Education Initiatives

The current reform initiatives in which DOE is involved, such

as V-QUEST, Common Core of Learning, Restructuring of K-12

Education, and the Xerox Project, should reflect the findings of
this report in the DOE commitment to provide equal educational
opportunity without reaard to ethnicity or gender. The strategic
plan for each of these initiatives should include methods of
addressing the special needs of minority and female students.

The Department's Common Core of Learning and "restructuring"
projects at the early childhood, pre-and early adolescent, and

adolescent levels have the potential to diminish inequity in

education practices for all Virginia students. Specific
recommendations resulting from this study should be integrated
into local school division curriculum efforts as they implement

the Common Core initiative. This integration will help assure that

the Common Core initiative, as implemented in local school

divisions, will address the needs of all students.

In the Department's continuing efforts to restructure
education, special consideration must be given to the issue of low

enrollment of minorities, especially blacks and Hispanics, in

academic and advanced academic courses. Close inspection of the

data in this report reveals that female students, while generally
participating in advanced academic programs at a rate which equals

or exceeds that of male students, were not enrolled in the

highest levels of mathematics, physical science, and technology
courses to the sane degree as were male students.
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SUMMARY OF FINDINGS

The study team collected and examined data documenting
student enrollment in mathematics, science, and technology courses
by ethnicity and gender. In addition, data from several sources
were evaluated which are direct or indirect functions of
achievement. These data, which were studied as indicators of
achievement, include the following.

Virginia Science Assessment Program (VSAP) scores
National Assessment of Educational Proaress (NAEP) scores
Virginia Junior Academy of Science (VJAS) participation
Diplomas received by type
Virginia science and technology marTnet school enrollment
National Science Scholars Program Participation

These data were also evaluated by gender and ethnicity. The
findings generated through the evaluation of these data are
summarized in this section.

FINDINGS

Black and Hispanic students were found to perform at a lower
level than white students in both participation and achievement in
mathematics and science, especially as participants in advanced
courses. The difference in both participation and achievement was
greater for black students than for Hispanic students. Female
students participated and achieved on par with male students in
most facets of mathematics and science studies. An exception
occurs in advanced mathematics participation where the percentage
of male students (52.6%) significantly exceeds that of female
students (47.4). Male students also had greater participation in
Virginia Junior Academy of Science mathematics competition in
which 85 percent of the participants were male. Other exceptions
were noted in the participation of female students in VJAS
physical science competitions, in which 65 percent of the
competitors were male, and in magnet school enrollment, in which
the female enrollment is 42.2 percent compared to 57.8 for males.

The enrollment of black (8%) and female (12.3%) students in
the most advanced technology program, pre-engineering, was lower
than the respective population percentages (approximately 20% and

Additional findings in this study are as follows:

Of all white students in the science sample, 4.5 percent
were enrolled in advanced academic courses, while 2.2
percent of Hispanic students and 1.8 percent of black
science students were enrolled in advanced academic
courses.
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Of all white students in the mathematics sample, 9.7

percent were enrolled in advanced academic courses,
while 7.3 percent of Hispanic students and 2.9 percent
of black mathematics students were enrolled in advanced
academic courses.

Of all female students in the science sample, 5.4

percent were enrolled in advanced academic courses,
while 4.0 percent of male students were enrolled in
advanced academic science courses.

Of all female students in the mathematics sample, 8.6

percent were enrolled in advanced academic courses,
while 9.3 percent of male students were enrolled in
advanced academic mathematics courses.

Black female enrollment in advanced science (5%) and

mathematics courses (3%) was less than black female
percentage of the mathematics and science samples (10%).

Hispanic female enrollment in advanced science courses

(0.05%) was approximately one-half the percentage of
the sample 0.9%, while enrollment in advanced
mathematics equaled the percentage of sample enrollment.

Of the total enrollment in the technology education
course sample, 14.0 percent were female and 86 percent
male.

The percentage of white students enrolled in advanced
mathematics, science, and technology courses was
significantly greater than the percentages of black or
Hispanic students enrolled in the same courses.

The performance of black students on the National
Assessment of Educational Progress (NAEP) mathematics
test was significantly lower than that of white
participants. The performance of female students on the
same assessment was not significantly lower than male
students.

Black student enrollment in Virginia's magnet
schools (4.2%) is approximately 15 percentage points
less than the percentage of black students in the
Virginia student population (21%), while Hispanic (2.6%)

and white (74.5%) enrollment approximates their
percentage of the total Virginia student population.
Female student enrollment (42.2%) is approximately 7

percentage points less than female percentage of the
pcpulation
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Male students dominated the Virginia Junior Academy of
Science physical sciences (chemistry, physics, and
engineering) competition by almost. a 2-to-1 margin, 65
percent to 35 percent. Female students dominated the
life sciences (biology and genetics) to approximately
the same degree, 67 percent to 33 percent.

A review of diplomas received by 1990 Virginia graduates
indicates that the percentage of black students was
lower than other Virginia students who earned advanced
studies diploma (23%), while Hispanic students received
advanced studies diplomas at a similar rate (38%) to the
average for all Virginia students (39%).

In the NAEP study 2 percent of black students attained
the highest proficiency level of 300, while 19 percent
of white students attained the same level.

Differences between the percentages of females (14%) and
ma1es (17%) in Virginia who achieved at level 300 on the
NAEP assessment were not statistically significant.



RECOMMENDATIONS

The Department of Education should form a team of

mathematics, science, and technology educators to plan a symposium
with the goal of developing a strategic plan to address increasing

the participation (enrollment) and achievement of black, Hispanic,

and female students in these disciplines. The symposium agenda
should consider, but not limit discussion to, the following

potential intervention activities and strategies.

O Develop special pre-school mathematics, science, and

technology readiness programs. Such programs have been
modeled in Virginia, but on a very small scale. (The

Dwight D. Eisenhower Mathematics and Science Education
Act)

Develop special programs for secondary students such as
after-school and Saturday enrichment programs. Such

programs, targeted at underrepresented students, have
provided mathematics, science, and technology enrichment
both nationally and in Virginia for several years.
(National Science Foundation)

Provide mentorship, scholarship and internship programs
and job shadowing opportunities by business/industry and
the public sector. These programs have been modeled in
Virginia's science and technology magnet schools.
(Student Enrollment Survey)

Improve teacher training through instructional modules
that address the special educational needs of black,
Hispanic, and other underrepresented students. Teacher

recruitment practices that recognize the need for

appropriate role models for minority and female students
should also be a consideration. (National Science
Foundation, Student Enrollment Survey)

Develop programs for parents that prepare them to assist
their children in making course selection decisions and
consider career choices in mathematics, science, and
technology. (Student Enrollment Survey)

Develop mathematics and science enrichment programs
outside of the public secondary setting that are
supported cooperatively by the Board of Education, the
State Council of Higher Education, and business and
community organizations. Such programs could increase
the interest and achievement of minority and female
students in mathematics and science and provide access
to such programs for a larger number of students.
(National Science Foundation)



Develop and implement classroom instructional strategies
that encourage female students to pursue advanced
physical science courses and mathematics studies.
(Southeastern Consortium for Minorities in Engineering)

The strategic plan developed should be integrated into
the Department of Education's educational reform plans such as
World Class Education (WOE) and Virginia Quality Education for
Science and Technology (V-QUEST).

It is further recommended that each individual school
division evaluat the distribution of its student population in
applied/general, academic, and advanced academic mathematics,
science, and technology courses, by gender and ethnicity. If
minority/female participation rates are revealed to be lower than
that of white/male students, a local strategic plan should be
developed and implemented to address increasing the participation
rate of the underrepresented.

41



BIBLIOGRAPHY

American Association of university Women. Shortchanging Girls

Shortchanging America. Washington, D.C: Public Information

Office.

Association for Supervision and Curriculum Development. (1992).

Updaty-,. Alexandria, VA: 1; 6.

Czujko, R. and Bernstein, D. (1989) .

Mathematics. New York,
Physics.

Who Takes Science? A
ice and

American Institute of
0 $

DeVore, Paul. (1980). Technology: An Introduction. Worcester,

MA: Davis Publishing, Inc.

Dossey, J. A.; Mullis, I. V. S., Lindquist, M. M.; and Chambers,

D. L. (1988). The Mathematics Report Card* National

Assessment of Educational Progress. Princeton, N.J.:

Educational Testing Service.

International Technology Education Association. (1985).

Technology Education: A Perspective on Implementation

Reston, VA: ITEA.

Johnson, James R. (1989). LLr_oject 2061 Panel Report:

Technology. Washington, DC: American Association for the

Advancement of Science.

Mathematical Sciences Education Board. (1990). Making Mathematics

Work For Minorities' _Framework For A National Action Plan

1990 -2000. 1-4.

Merideth, Charles W. (1990). Banquet Address. A____C=Opendium of

Program Proceedings, Professional Papers, and Action Plan:

Making Mathematics Work for Minorities. National Academy of

Sciences, 57.

National Center for Educational Statistics. (1991). The 1990

National Assessment of Educational Progress: The State of

Mathematics Achievement in Virginia The Trial State

Assessment at Grade Eight. Report No. 21-ST-02. Princeton,

N.J: Educational Testing Service.

Neuschatz, M., and Covalt, M. (1988). Physics in the High

Schools: Findings of the 1986-87 Nationwide Survey of

Secondary School Teachers of Physics. New York: American

Institute of Physics.

42
0 (1



Savage, Ernest. (1990). P. Conceptual Framework for Technology
Education. Reston, VA: International Technology Education
Association.

Snyder, T. D. (19E7). Digest of Educational Statisti_o_sl

Washinaton, DC: Office of Educational Research and
Improvement, U.S. Department of Education.

The Mid-Atlantic Center for Sex Equity. (1982). Teaching Gifted
Minority and Female Children: Striving for Excellence.
Washington, DC: The American University.

The Task Force on Women, Minorities, and the Handicapped in
Science and Technology. (1989). Changing me ica: The New
Face of Science and Engineering. Washington, DC: National
Science Foundation, 20-28.

Women's Educational Equity Act Publishing Center.
and Math: Enoug,-. Is Known F..or 1,,otior
Educational Development, Center, Inc., 2.

r
)

(1991). Girls
Newton, MA:

43



APPENDICES

4



APPENDIX A

Statistical Analyses of Enrollment Data

46



Statistical 7-.halyses of :ara

For th cind of data col]ected for this pro-ieot, the large-
sample test for comarino two binomial proportions was chosen as
beind most appropriate. This is a test that is useful for many
practical research prohlems. This test comil.ares the difference in
proportions between any two groups. Thu test results in a z-

score, from which the significance of the difference between the
two groups can be determined. For the purpose cf these data
analyses, a z-score of 2.5e was used to determine if a difference
between two groups was statistically significant. The results of
these analyses for mathematics and scienoe apply only to the
sample of divisions in the project and cannot be generalized to
the state as a whole. A random sample of divisions or schools
would be necessary for such a generalization. The results for
technology education are based on VERS2 data which also may affect
the results since enrollments are unduplicated counts of students
in courses; a student is counted only once even if enrolled in
more than one course. Enrollment in earn ccurs,, could produce
different results.

The ~-.r.win; ele7.ents were used for a : the s:a1.1sti:a_
tests in this aT.pendix:

Re.-,,.arch hypothesis (H)-what is to be verifred.

There is a difference between the proportions.

-
L hy:c0thesis (H:l-what is to be tested.

There is nc differen=e etweeh the rr,portions.

test nunjr cc:-:Luted data.
this test a a-c-osre is computed.

4. Fce-;ectioh re.plicn-values for the test statistic where the
null hypothesis can reasrnac y be rejected. For these
data a two-tailed test with an alpha level of .02 was
used. A a-score greater than 2.58 was significant in
either direction (plus or minus). If the z-score was
greater than 2.58 from zero, the null hypothesis of no
difference was reected, and it was concluded that the
two proportions were different, at a probability level
of .01.

The test stal-4s-'e was then compuoed, and the null hypothesis
accepted or re-;ected. In the twenty-nine comparisons made, there
were only three irstances in which there was not a statistically
significant "e-nce between proportions. They were: the
difference in proportions in science academic courses for
Hispanics and whites; principles in technology education for
blacks and whites; and rr^ducticn in technr'loay education for
Hispanics and whites
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Mathematics Course Enrollment 1Proccrt:cr Sicrolicart?
Total ElacK 2 .5

h e 082.27'
, c. 2ci.2-ses 7.2,lacK 11166i 0.391

1

White 2:589: 0.190!
Academic Courses Elack 16.568: 0.580:

:White i 77259i 0.713: 4c.3.
Advanced Courses Elack 8171 0.029:

:White 1 105691 0.0971 37. Y

f
Ct21 :Hispanic 32%21

:White I 108427l
lAs-,lier Courses 1-liscanic 902! 0.299

:White 205891 0.1.90 15.61
lAcademic Courses Hispanic 2087l 0.628:

White I 77259: 0.713: 10.6:
[Advanced Courses Filscanic 243l 0.373:

;White
1 105.39: 0.097: .7l Y

iT0121 75278.
F.ema:e

Applied Courses -Male 1 18219: 0.242:
:Female 15234: 0.207: 16.7!

Academic Courses Male 0.5651
Fema;e 0.720: 27.9'

Advanced Courses Maie 701 4; 0.093:
7-emaie. 6325 0.086: C-

5
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APPENDIX B

Department of Education Requests for Proposals and
Approved Work plan; 91-36 & 46
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R-og-rant Imvror.e P.rricipation, Learning, and Aci-zietemt
of SLack and Hisvanic Minorities in

Science, A.L.zthematics and Ad anted Technologies
#91-36

51.71_1\1.-AR'-i OF APPROACH PrZOPOED:

This prcoosal aims to study and confirm perceived discrepancies in the
participation and achievement. of African American and Hispanic students in
comparison to majoriri population students in Virginia public schools. The study
involves the examination of the achievement and participation of minority
students in the areas of mathematics, science, and advanced technologies as
represented in Vircirua public schools.

The project engace in the collection of data on student ParticiPaticn
and achiever.ner.t in matter arcs, science, and advanced technoloc:v courses. Tne
data will be analyzed to deterrnine the extent to which there is a discrePar.cy
between the acl-lievement and par-dd.-oat:on of selected minorir,- g.-,:cups and the
maioritv 0-....oup Vir-=inia schools. Results of the study wil be summarized.

in a rePcr: to the Eepart:r.ent of Education Management Team, accompanied by
team recommendations and descriptions for initiatives to itnprove student
achievement. Because s=e ast-2.ei-ts of this study overlap with aspects of the study
on trackir.g. and ability grouPir.z, some of the project work facilitated by
collaboration and the of data.

IMPLEMENTAT7ON Pli..ANINIFT1-.7.000LOGY:

Acs..., Staff T:rne Schedule

1. Conduct full te2.:r. meeting Cotnan and
to review technical aspec. ts full team
of project; Review the
str.ategic plan for collection
and evaluation of data

Identify advanced course Cotman
offerings in Virginia in Willcox
science, mathematics, Rezba
and technology (use Ayers
available data from the
study of trackinz:abiliri

. .grou:ng

6 j

May 20-21

June 1-30

BEST COPY AVAILABLE



3. Determine othEr minonty
coc-u.aticr.s which should.
be considered for oerfor-
mance and parricication
discrer.,an.Les

4. Identify resear-±. method to
be used in the srudv (study
requires comparison of
partr:dpation and achieve-
ment data of selected
minority porulation.s
data of maicrin,- boctiladon;
Develop research design

5. Identify indicators of student
achievement in science,
mathematics, and techno-
logy (e.g., S.A.T. scores, ITBS
scores, course grades, .bartid-
padon in advanced comreti-
eons and spec_iai r.:rocr=s

6. Identify indicators of student

mathematics, and teclmo-
logy (e.g., course enrollment
data)

7. Collect data

8. Analyze data correction;
determine the extent to
which there is a disaepancy
between the performances
and achievement of selected

groups and the
rhacriry -roan
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Staff

Cotman
Rezba
Willcox
Hylton

Conran
Rezba
Firebaugh
Keeling

Cotman
Willcox
Rezba

Cot-Ian
Willcox
Rezba

Cotman
Rezba
Willcox
Ayers
Firebaugh
Bryant

Cotman
Rezba
Firebaugh
Keeling
Willcox
Bryant

Time Schedule

May, 20-30

May 20-30

!,v1av 20-30

May 20-30

June 1 -July 20

July 20-25



Staff 7rne Schedule

9. Cevelcb ccnc:us:ons :tom Co tnan
analysis of data Razba

Firebaugh
Keeling
Willcox
Bryant

10. Develao suestionnaire and Cogan
su--,7ev selected states to Hylton
identiiv successful initiatives Bryant
for improve :gent of science, Rezba
raathernaEcs, and tec...h.no- Avers
logy -.;artipaton ar.d
achievement of minority
students, prepare summary
report; use con-.17uter links in
Derart=lents of Education
acoss the nation

11. Contact profess:ie.:nal crgani- Bryant
zations to icen e:::ective Firebaugh
programs for irnmovement Willcox
of minor:TY ac_hievernent

12. Extrabolate factors such as Cotman
teaching conditions, policy Rezba
statements, administrative Willcox
procedures, etc. which seem Firebaugh
to have positive and nega- Bryant
Eve impact on minority Hylton
achievement; prepare a
written sumrr, ary

13. Prepare se zr-...ent of report Cotman
on recommendations for Rezba
intervention and preven- Firebaugh
Lion strategies LEA's, Ayers
teacher preparaticr., coma- Willcox
munity -based programs, Hylton
partnerships, etc.

July 25-30

July 1-30

May 15-July 1

July 25-30

July 15-30

5%
BEST COPY AVAILABL



Staff -17me cheduie

Judy 25-3014. De izn a plan fcr intezra- Cotman
Eon of preye_ntion and Reba
intervention strategies for
minority achievement Bryant
with Department of Willcox
Education reform initia-
tives such as the Virginia
Common Core of Learning;
Rest-ucturing of Education,
K-12; V-QUEST, Challenge
2000, Xerox Project, etc.

15. Prepare the final report for Cotman
the DCE Management Reba
Team Firebaugh

Willcox
Br/ant

DELIVERABLES PROPOSED (REQUIRED AND ADDITIONAL);

: :3
tie,,. 1

A report which summarizes asr.ects cf a research study cn the cartidr:ation and
achievement of African American and Hispanic students in sdence, mathernaEcs,
and advanced technoiozies in Virginia public schools, including

rearch and implementation strategies
information to guide the development and implementation of

prevention and intervention strategies for teaching and
learning in Virginia schools

suggestions for innovative instructional programs for minority
students ( community /school cooperative efforts,
spedal residential programs at colleges and universities,
community-based education projects)

suzaestions for professional development programs and pre-
and in-service teacher preparation initiatives

58 6 ;j
BEST COPY AVAILABLE



LTD GEr TO EcCILTE. D ERECT AND INDIRECT CO5T.S. OUTSIDE RESOURCES,
17 UR CEA S ED 9, ER VICES, AND ESTIMATE FOR FITS REOUIRED:

Activ4.r.- FT E's Cost

1. Conduct full team meeting 2 hours

2. Identify course offerings 12 hours

3. Determine minority populations 4 hours

4. Identil'y research methodology 4 hours

5. Identify indicators of student
achievement

6 hours

6. Identify indicators of student 6 hours

7. Collect data 30 hours $50 0

8. Analyze data cc:ection 15 hours

9. Develop conclusions 10 hours

10. Develor ouestionnaire and
survey selected states

12 hours S3C0

11. Contact professional organizations 9 hours S3C0

12 Extracoiate factors 10 hours

13. Prepare seg-r.--..ent of report 10 hours

14. Design plan for integ-ratIon 12 hours

15. Prepare anal report for DOE 15 hours
Management Team

59



A at N TN 4I1

Dewar; ent of Education
Students minority st -dents who are ?..frican American
and His.oanic
Institutions of higher education
LEA's in Virginia
Teachers of science, mathematics, and advanced technology education
future em :lovers of minority students graduating from Virginia public
schools

F T A F PR end. c.
Y.&

Timely su'ornission of report to the DOE Management Team

Assessment by a panel of IF experts or practtioners in science, mathematics,
and technologY education (teachers and supervisors in these content areas,
ins actors in higher education, etc.) to determine perceptions of usefulness
of research findings and predictions for impact on student achievement and
participation for minority students in science, mathematics, and technology
education

60
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APPENDIX C

Student Enrollment Survey Form
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STUDENT ENROLLMENT SURVEY

DIREC.1 IONS: Please provide 1990-91 enrollment information appropriate to your school's
organization. *Specifications for racial/ethnic categories are listed
below. Thank you.

1. Indicate the total number of students enrolled, by grade.

grade 7 grade 10

grade 8 grade 11

grade 9 grade 12

2. Indicate by racial/ethnic category, gender, and grade, the total number of students enrolled.

American Asian .

Indian American Black Hispanic White

M:1= WE. M/F M/F M/F

Grade 7 ______/ _/ .______/ _J __I

Grade 8 ____/ .___/ ____I ____I 1

Grade 9 _I _J _I__

Grade 10 __J. _J ______/

Grade 11 ____/ _j _I ___J

Grade 12 ___/ _j ______/ _____/

* Specifications for racial/ethnic categories:
-American Indians (Includes Alaskans)
-Asian & Asian American (includes Pakistanis, Indians & Pacific Islanders)
-Black (includes Jamaicans, Bahamians and other Carribbeans of AL-ican but not

Hispanc or Arabian descent)
-Hispanic (includes persons of Mexican, Puerto Rican, Central or South American or

other Spanish origin or culture)
-White (includes Arabian)

E



Indicate the numbe:- of so:dents in the Cass of 1991 who received the Advanced Studies
Diploma.

American Ain
Indian American Black Hispanic White

M. /F M/F M/F M/F M/F

4. Indicate, by racial/ethruc category and gender, the total number of seventh grade students
enrolled in pre - algebra (or equivalent course specifically designed to prepare students for
Algebra I in the eighth grade).

American Asian
Indian American Black Hispanic White

1A/T. M/F M/F M/F M/F

/

5. Indicate, by racial/et.'inic category and gender, the total number of eighth graders enrolled in
Algebra I during the 1990-91 school year.

American Asian
Indian American Black White His-panic

M/F NLF M/F M/F M/F

6. Indicate, by racial/ethnic category and gender, the total number of students who scored
1100 or above on the Scholastic Aptitude test (SAT).

American Asian
Indian American Black Hispanic White

MT NI, T-: M/F M/F WE

______/ 1

____/ ____./ ________/

63



7. Are students ability-grouped for the following courses? If so, how many levels
are available?

Earth Science

Biology

Chemistry

Physics

Algebra I

Algebra II

Geometry

E.4 # of .Levels

8 . List incentives which would encourage female, ethnic minority and low family income
students to enroll in science and math courses.

9. List strategies and initiatives which would increase the academic achievement and
critical thinking skills of female, ethnic minority and low income students such that they
are better prepared for work and higher education?

Survey Completed By

64
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APPENDIX D

Data Summary for Science, Mathematics and Technology
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APPENDIX E

Virginia Science and Technology Magnet Schools
Enrollment by Ethnicity and Gender
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APPENDIX F

Secondary Mathematics, Science, and Technology
Course Offerings
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